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Introduction
Stress plays a significant role in neural development and brain
function. To better understand the mechanisms underlying the
impact of stress on neuroendocrine function, this study
focuses on the phenylethanolamine-N-methyltransferase
(Pnmt) enzyme as a key mediator of stress hormone signaling.
Pnmt is activated as part of a positive feedback mechanism
during the stress response to convert norepinephrine to
epinephrine to amplify the sympathetic response. While the
normal, spliced Pnmt isoform is known to be expressed in the
brain, a recent study (Unsworth et al., 1999) has identified a
Pnmt isoform produced through a rare alternative splicing
mechanism called intron retention in the developing mouse
brain. Since the localization and regulation of these Pnmt
isoforms remain unclear, there is much to be discovered.
Objectives
• Establish baseline expression levels of Pnmt isoforms in
specific regions of the developing mouse brain.
• Create a comprehensive blueprint of Pnmt isotype expression
and localization throughout mouse neural development.





• Both the spliced and alternatively spliced (intron-retained)
Pnmt isoforms are expressed at E15.5 in the mouse brain.
• Only the spliced Pnmt isoform was expressed in the brainstem,
cerebellum, and cerebral cortex at P9.
• Only the alternatively spliced isoform was expressed in the
brainstem and cerebellum at P30.
• Both isoforms were expressed in the cerebral cortex during P30.
• The spliced isoform was robustly expressed in the adrenal
glands of all ages.
These results illustrate a shift in isoform expression from both
isoforms during embryonic ages to the spliced isoform
during postnatal ages (P9) to the alternatively spliced version
during the pre-pubescent stage (P30). Furthermore, the
difference in isoform expression pattern in the cerebral cortex
compared to the other brain regions examined during pre-
pubescent stages (P30) suggests that a tissue-specific
mechanism regulates Pnmt isoform expression. Between
postnatal (P9) and pre-pubescent (P30) ages within the
brainstem and cerebellum, the spliced mRNA species appears
to be downregulated, while the alternatively spliced (intron-
retained) mRNA species is increasingly expressed. Additional
studies during other embryonic and adult stages are
expected to show similar shifts in the Pnmt isoform
expression pattern.
The results suggest that Pnmt has an important
developmental function in the mouse brain, starting from
embryonic stages. Preliminary data confirms the existence of
an intron-retained Pnmt isoform in the mouse brainstem
(Unsworth et al., 1999), and identifies its existence in the
cerebellum and cerebral cortex at various stages of neural
development. Further studies to determine a timeline of the
shift in Pnmt isoform expression and elucidate the tissue-
specific regulation mechanism will enhance our
understanding of the role of Pnmt in the developing mouse
brain, ultimately helping to uncover the effects of stress on
neural development.
Unsworth, B., Hayman, G., Carroll, A., & Lelkes, P. (1999). Tissue-
specific alternative mRNA splicing of phenylethanolamine n-
methyltransferase (PNMT) during development by intron retention.




Fresh adrenal gland and brain tissues were flash-frozen using liquid nitrogen and stored at -80°C. Total RNA
was purified at E15.5, P9, and P30 time points. The concentration and purity of the isolated RNA were
measured and the isolated RNA was reverse transcribed to cDNA. Quantitative PCR (qPCR) was performed
using SYBR Green Fast reagent and Pnmt isoform-specific primers. The genes of interest were normalized to
Glyceraldehyde-3-phosphate Dehydrogenase (GAPDH), the housekeeping gene. Relative Pnmt gene
expression was determined using the standard delta-delta-Ct method. Since Pnmt is highly expressed in the
adrenal medulla, adrenal tissue was used as a positive control. The qPCR products were run on 2% ethidium
bromide gels to verify the amplification and differentiate between isoforms expressed in the mouse
brainstem, cerebellum, and cerebral cortex at various developmental stages based on relative band sizes.
Figure 4.Pnmt isoform expression during embryonic,postnatal, andpre-pubescent ages.Well 1: P30 adrenal glands serve as a control for the spliced Pnmt isoform.Well 2:
E15.5heads.Well3:P9brainstem.Well4:P9cerebellum.Well5:P9cerebralcortex.Well6:P30brainstem.Well7:P30cerebellum.Well8:P30cerebralcortex.The367basepairband
representsthespliced, intronlessmRNAspecies.The475basepairbandrepresentsthealternativelyspliced, intron-retainedmRNAspecies.
Figure 3. Relative Pnmt expression during development. Pnmt expression in the head is low at E15.5. In the brainstem and cerebellum, Pnmt expression is relatively low at
P9and increases atP30.Pnmtexpression in thecerebral cortex is relatively high atP9anddecreases atP30.E15.5, embryonic age;P9,postnatal age;P30,pre-pubescent age.
Figure 2. Organization of the Pnmt gene. The schematic shows the spliced and intron-retained Pnmt mRNA.   
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